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The surface plasmon-polaritons (SPPs) switch is the key element of the integrated devices in
optical computation and terahertz (THz) communications. In this paper, we propose a novel design
of THz SPPs switch based on quantum engineering. Due to the robustness of coherent quantum
control technique, our switch is very robust against with perturbations of geometrical parameters
and presents a good performance at on-state (and off-state) from 0.5 THz to 0.7 THz. The on-state
and off-state of our device can be controlled by the external voltage. We believe this finding will be
the great improvement for the integrated optical computing and THz communications.
PACS numbers: 42.82.Et, 42.81.Qb, 42.79.Gn, 32.80.Xx
I. INTRODUCTION
Terahertz (THz) Surface plasmon-polaritons (SPPs) is
the most active research area in optical integrated device,
due to the unique features of SPPs in relative smaller
wavelength, energy confinement and field enhancement
[1, 2]. THz SPPs devices are widely used in THz com-
munications and THz information processing. Optical
switch is the deice which can select the path of light
propagation according to ’on-state’ and ’off-state’, which
is the fundamental element in optical communications
[3, 4] and optical computing [5–7]. Combining with ad-
vantages of THz SPPs device and optical switch device,
controllable THz SPPs switch has a large potential appli-
cations on THz communications and computation. Cur-
rently, there are few papers working on this idea, such as
light-controlled THz SPPs device [8] and THz switches
based on graphene [9].
Most recently, there are two remarkable papers which
proposed broadband and robust THz SPPs waveguide
coupler based on coherent quantum control [10, 11]. The
technique of coherent quantum control can be broadly
used in many-body physics [12], waveguide coupler [13]
and graphene SPPs waveguide coupler [14]. Due to
the robustness of coherent quantum control, the especial
curved SPPs waveguide coupler [10, 11] can completely
transfer the energy of SPPs from input to output waveg-
uide with wide working band and insensitivity to the per-
turbations of geometrical parameters. However, the pre-
vious researches [10, 11] can not control the output path
of SPPs. The light-controlled THz SPPs device [8] is not
robust against geometrical parameters and only can op-
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erate in the narrowband. The terahertz switch based on
graphene [9] can operate at broadband, however, their
device is not robust against geometrical parameters and
this design of ’on-state’ (or ’off-state’) propagates (or not
propagates) along with single SPPs waveguide. Thus,
their device can not work as optical switch array for op-
tical computing and can not controllable switch optical
path. Besides, the fabrication of graphene sheet is much
complex comparing to our design.
In this paper, we propose the device based on espe-
cial curved SPPs waveguide coupler inserted the hybrid
indium tin oxide (ITO) waveguide in the middle of two
metallic waveguides, as shown in Fig. 1, where the top
waveguide functions as the input port and output port
in ’off-state’ and the bottom one is the output port in
’on-state’. The hybrid ITO waveguide is the sandwiched
structure with 180 nm ITO layer, SiO2 layer and metallic
layer with several hundred nanometers. When we apply
the external voltage on the metallic layer, ITO layer with
very low conductivity can be considered as the insulating
layer [15]. When the external voltage is not apply on the
metallic layer, the ITO layer has high conductivity and
can hold SPPs in THz region as the same as sliver and
gold [16].
Due to this unique feature of the ITO layer, we can
apply the external voltage to control the conductivity
of ITO corresponding to ’on-state’ and ’off-state’. The
’on-state’ without applying external voltage (ITO layer
with high conductivity) can be considered as the three
SPPs waveguide coupler. Thus, the energy of SPPs can
completely transfer form input to output SPPs waveg-
uide. Our device on the ’off-state’ with applying exter-
nal voltage (ITO layer with very low conductivity) can
be consider as two SPPs waveguide coupler without mid-
dle SPPs waveguide. Therefore, the distance between
input and output waveguide becomes much larger and


























turns much lower. The energy of SPPs confines in the
input waveguide along with propagation.
In this paper, we firstly propose a typical example de-
sign (see Fig. 1) for our SPPs switch coupler and we il-
lustrate the function of our switch according to ’on-state’
and ’off-state’ based on numerical calculations of SPPs
coupler equation, as shown in Fig. 2. In section III, we
further proof that our device is the robust against per-
turbations of geometrical parameters (L, R, δ and dmin)
for both ’on-state’ and ’off-state’ (see Fig. 3). Besides,
we demonstrate that our switch can operate at broad
bandwidth, as shown in Fig. 4.
II. MODEL AND DEVICE
Our device consists with three SPPs waveguide with
special curved input and output SPPs waveguides (see
Fig. 1). The input/middle/output SPPs waveguide has
the w = 50µm, p = 50µm, h = 40µm and a = 20µm, as
shown in Fig. 1 (b). It is already known that the pe-
riod structure of SPPs waveguide can confine the SPPs in
the THz region [1, 17] and the SPPs’ transfer on curved
waveguide is almost identical to straight case [18, 19],
therefore, we can ignore the difference of the coupling
strength induced by the curved configuration. The in-
put/output SPPs waveguide is made of metallic layer and
has the special curved configuration. The middle SPPs
waveguide is the straight configuration with the sand-
wiched structure (the the ITO layer, the silicon layer and
metallic layer), as shown in Fig. 1 (a).
The coupling strength between two adjacent SPPs
waveguides exponentially decreases along with the dis-
tance between two SPPs waveguide and this relationship
is consist with coupled mode theory (CMT) [10, 11, 20]
and simulation results (see Fig. 5). The special-curved
parameters of the SPPs waveguide coupler are total de-
vice length L = 4000µm, circular radius R = 18mm,
the minimum distance between input/output and mid-
dle waveguide dmin = 60µm and distance mismatch δ =
1000µm, as shown in Fig. 1 (c). The special curved con-
figuration of input/output SPPs waveguide comes from a
well-known coherent quantum control, called Stimulated
Raman adiabatic passage (STIRAP) which has already
shown the application in the SPPs waveguide coupler
[10, 11, 14].
When there is no external voltage on the metal of mid-
dle SPPs waveguide (’on-state’), the ITO layer has very
high conductivity considering as the gold layer. Thus
the energy of SPPs can completely transfer from input
to output SPPs waveguide via middle SPPs waveguide.
When we apply the external voltage on the metal of mid-
dle SPPs waveguide (’off-state’), the ITO layer becomes
ultra-low conductive. Therefore, the middle waveguide
can not confine the SPPs, in other words, the coupling
only happens between top and bottom SPPs waveguides.
The distance between top and bottom SPPs waveguides
is much larger comparing with ’on-state’. Thus, the en-
ergy of SPPs hardly transfer from top to bottom SPPs
waveguide and confines in the input waveguide along with
propagation.
In order to demonstrate our idea, we present the dis-
tance configuration for ’on-state’ and ’off-state’ respec-
tively, as shown in Fig. 2 (a). In the ’on-state’, the ITO
waveguide with high conductivity can transfer the SPPs
and the input and output waveguide can have the cou-
pling via middle ITO waveguide. The black (red) solid
line is the ’on-state’ of distance between input and mid-
dle (middle and output) waveguide. In the ’off-state’, the
ITO waveguide with very low conductivity can not con-
fine and hold the energy SPPs. Therefore, there is only
the direct coupling between input and output waveguide.
After that, it is already shown that the energy of SPPs
evolves along with propagation z, which is satisfied with












where a1, a2 and a3 are the SPPs amplitude of in-
put, middle and output waveguides. The power of in-
put/middle/output SPPs waveguide are P1,2,3 = |a1,2,3|2.
C1 and C2 are the coupling strengths of input/middle and
middle/output SPPs waveguides. Therefore, we can nu-
merically calculate the evolution of SPPs energy along
with the propagation based on the coupling strengths
between adjacent SPPs waveguides, as shown in Fig. 2
(b). As we can see that the energy of SPPs can com-
pletely transfer (more than 98 %) from input to output
waveguide via middle waveguide (see the solid lines in
Fig. 2 (b)) in the ’on-state’ configuration. In the ’off-
state’ configuration, there is only few energy (less than
8 %) of SPPs transfer from input to output waveguide,
due to the low direct coupling strength between input
and output waveguide with low conductivity of middle
SPPs waveguide.
III. ROBUST AND BROADBAND SWITCH
In this section, we demonstrate that our device is the
robustness against the geometrical parameters length L,
curve radius R, distance mismatch δ and minimum dis-
tance dmin by using the SPPs coupler equations for both
’on-state’ and ’off-state’. Robustness against the geomet-
rical parameters is a large advantage for the device fabri-
cation, which largely increases the error suffering during
the processing of fabrication and robustness hugely de-
creases the cost of device, due to not requirement of high
precise equipment. In order to measure the performance
of our switch in the same configuration, we introduce the
on-off rate with Pon/Poff, which the ’on-state’ divided
by ’off-state’ of final SPPs energy of output waveguide to
measure the energy difference of ’on-state’ and ’off-state’.
Our ’on-state’ and ’off-state’ are separated by input and
3
FIG. 1: The schematic figure of our design. (a) The cross-section view of middle SPPs waveguide with sandwich structure.
(b) The detailed structured view of input/middle/output SPPs waveguide. (c) The overview of special curved configuration of
three SPPs waveguide coupler.
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FIG. 2: (a) The distance configuration of our device with re-
spect to ’on-state’ and ’off-state’. The black (red) solid line is
the ’on-state’ of distance between input and middle (middle
and output) waveguide. The dashed blue line is the ’off-state’
of distance between input and output waveguide. (b) The
corresponding population evolution of SPPs according to ’on-
state’ and ’off-state’. The solid and dashed lines are with
respect to ’on-state’ and ’off-state’. The black/red/blue lines
are the input/output/middle (ITO) waveguides’ energy evo-
lution of SPPs respectively.
output waveguides (two different light pathway), there-
fore, if on-off rate is higher than 10, we can easily separate
’on-state’ and ’off-state’ by SPPs energy difference. The
Fig. 3 demonstrates the on-off rate against varying dif-
ferent geometrical parameters. As we can see from the
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FIG. 3: The on-off rate varying with different geometrical
parameters. (a) The contour plot of on-off rate with varying
the device length L and curve radius R. (b) The contour
plot of on-off rate with varying the distance mismatch δ and
minimum distance dmin.
Fig. 3, we can easily obtain a large and continuous area
of high on-off rate (higher than 10) with different geo-
metrical parameters. Therefore, we can claim that our
device is robust against the perturbations of geometrical
parameters (such as the device length L, curve radius R,
distance mismatch δ and minimum distance dmin).
Furthermore, we employ the numerical software to full
wave simulate the our switch based on different input fre-
quencies. Fig. 4 (a) (c) (e) are the ’on-state’ for different














FIG. 4: The ’on-state’ (a, c, e) and ’off-state’ (b, d, f) of our switch with (a, b) f = 0.5 THz, (c, d) f = 0.6 THz and (e, f) f =
0.7 THz.
responding to the frequencies. As we can see that our
device have a good performance both on ’on-state’ and
’off-state’ at frequencies from 0.5 THz to 0.7 THz in our
this specific example configuration. When the frequen-
cies are smaller than 0.5 THz, the ’off-state’ of our device
do not have a good performance and too much power can
be transferred to output waveguide, because the coupling
strength becomes larger along with frequency decreasing
with large gap (see the appendix Fig. 5). As we can
see from the appendix Fig. 5, the coupling strength be-
comes much smaller at 0.8 THz when the gap is 60 µm.
Therefore, the ’on-state’ of our device are not good at fre-
quencies larger than 0.7 THz and coupling strengths are
too small to support SPPs energy from input to middle
SPPs waveguide.
IV. CONCLUSION
In this paper, we propose a novel design of broadband
and robust THz SPPs switch based on waveguide cou-
pler embedded the coherent quantum control. From our
example configuration, our switch is robust against the
geometrical parameters, including the device length L,
curve radius R, distance mismatch δ and minimum dis-
tance dmin. Furthermore, we demonstrate the broadband






















FIG. 5: The relationship of coupling strength and the gap
between two SPPs waveguides.
performance of our switch from 0.5 THz to 0.7 THz for
both ’on-state’ and ’off-state’. We believe this funding
will be the great improvement for the integrated optical
5
computation and THz communication.
Appendix
Due to the complicated boundary conditions, it is very
hard to obtain the mode profile of the SPPs waveguides in
the analytical solution, thus, analytical solving the rela-
tionship between coupling strength and gap between two
SPPs waveguides is complicated. Therefore, we employs
the full-wave simulation of two parallel SPPs waveguides
to obtain the relationship between coupling strength and
gap between two SPPs waveguides (see Fig. 5), which is
consistent with the exponential relationship by coupled
mode theory predicting [20].
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